The fidelity of DNA synthesis catalyzed by derivatives of Escherichia coli DNA polymerase I.
The fidelity of DNA synthesis by an exonuclease-proficient DNA polymerase results from the selectivity of the polymerization reaction and from exonucleolytic proofreading. We have examined the contribution of these two steps to the fidelity of DNA synthesis catalyzed by the large Klenow fragment of Escherichia coli DNA polymerase I, using enzymes engineered by site-directed mutagenesis to inactivate the proofreading exonuclease. Measurements with two mutant Klenow polymerases lacking exonuclease activity but retaining normal polymerase activity and protein structure demonstrate that the base substitution fidelity of polymerization averages one error for each 10,000 to 40,000 bases polymerized, and can vary more than 30-fold depending on the mispair and its position. Steady-state enzyme kinetic measurements of selectivity at the initial insertion step by the exonuclease-deficient polymerase demonstrate differences in both the Km and the Vmax for incorrect versus correct nucleotides. Exonucleolytic proofreading by the wild-type enzyme improves the average base substitution fidelity by 4- to 7-fold, reflecting efficient proofreading of some mispairs and less efficient proofreading of others. The wild-type polymerase is highly accurate for -1 base frameshift errors, with an error rate of less than or equal to 10(-6). The exonuclease-deficient polymerase is less accurate, suggesting that proofreading also enhances frameshift fidelity. Even without a proofreading exonuclease, Klenow polymerase has high frameshift fidelity relative to several other DNA polymerases, including eucaryotic DNA polymerase-alpha, an exonuclease-deficient, 4-subunit complex whose catalytic subunit is almost three times larger. The Klenow polymerase has a large (46 kDa) domain containing the polymerase active site and a smaller (22 kDa) domain containing the active site for the 3'----5' exonuclease. Upon removal of the small domain, the large polymerase domain has altered base substitution error specificity when compared to the two-domain but exonuclease-deficient enzyme. It is also less accurate for -1 base errors at reiterated template nucleotides and for a 276-nucleotide deletion error. Thus, removal of a protein domain of a DNA polymerase can affect its fidelity.